Incubation of excised, 1-centimeter long root tips of corn in chilled distilled H20 increases the activity of extractable GDP fucose: polysaccharide fucosyl transferase. Enhancement of transferase activity is optimal at 10 C and incubation at this temperature for 8 hours causes a 3-to 5-fold stimulation of activity. Transfer of roots from 10 to 30 C reverses the enhancement of enzyme activity although reciprocal transfer of roots from 30 to 10 C does not stimulate the accumulation of transferase activity.
Peripheral root cap cells of corn (Zea mays L.) secrete a fucoserich, polysaccharide slime (8) . The role of the dictyosome and its vesicles in the transport of this secreted polysaccharide is well established (5, 9, 10) . The site of polysaccharide synthesis is less understood; however, the experiments of Bowles and Northcote (1) and James and Jones (4) indicate that the ER is involved in this process.
Morre et al. (9) and Mollenhauer et al. (7) used cold temperature incubation to study the process ofpolysaccharide slime production from corn roots. They showed that incubation of roots of whole plants at temperatures between 4 and 9 C caused the cessation of slime secretion. Mollenhauer et al. (7) further showed that incubation of roots at 9 C caused an accumulation of ER cisternae and a marked increase in the number of fixed connections between ER and Golgi. These authors concluded that cold treatment effectively separated the transport function of Golgi from their role in the synthesis of membranes.
We have completed a study of the enzyme GDP-fucose:polysaccharide fucosyl transferase in corn roots and have used incubation at 10 C to enhance by 3-to 5-fold the level of fucosyl transferase activity thus facilitating our attempts to characterize and localize it. This paper examines this phenomenon of coldenhanced enzyme activity in detail and discusses the mechanisms which might account for it.
MATERIALS AND METHODS Corn (Zea mays cv. SX-17A) seeds, a gift of Cargill, Inc., Minneapolis, Minn., were soaked in aerated water for 36 h at 23 C and then germinated in the dark for 45 h at 23 C. One-cm root ' To whom reprint requests should be sent. tip segments were excised and held in distilled H20 at 2 C until enough root tips had been cut for a given experiment. Excised root tips were then transferred to 50 ml distilled H20 and incubated in darkness at the appropriate temperature without stirring.
The procedures for isolation and assay of GDP-fucose:polysaccharide fucosyl transferase activity have been described in detail (3, 4) . Root tips were homogenized in a Polytron homogenizer (Brinkmann Inst., Westbury, N.Y.) in 100 mm Tris (pH 7.0). The homogenate was filtered through four layers of bleached cheesecloth and centrifuged for 10 min at 31Og. The resulting supernatant was centrifuged at 20,000g for 30 min. The pellets were resuspended in 100 mm Tris (pH 7.0) and 1.5% Triton X-100.
Fucosyl transferase activity was assayed by combining 30-100 ,ul of the resuspended pellet with 0.02-0.1 uCi (0.12-0. Methyl hexose was determined by the cysteine-sulfuric acid procedure of Dische and Shettles (2) and protein was determined by the method of Lowry et al. (6) .
RESULTS AND DISCUSSION
Incubation of excised corn roots in chilled distilled H20 for 8 or more h results in a 3-to 5-fold increase in the endogenous activity of extractable GDP-fucose:polysaccharide fucosyl transferase activity (Figs. 1-3) . The optimum temperature for enhancing transferase activity is 10 C (Fig. 1 ) whereas incubation at temperatures below 5 C and above 16 C causes a less marked increase in activity over 12 h. The time course for fucosyl transferase activity in roots incubated at 10 C is shown in Figure 2 . After a lag of 2 h, fucosyl transferase activity increases exponentially reaching a maximum at 8 h. Incubation at 10 C for up to 24 h shows that this maximum level, reached at 8 h, is maintained for the remainder of the incubation (Fig. 3) .
The enhancement of GDP-fucose:polysaccharide fucosyl transferase activity by incubation at 10 C can be rapidly reversed by transfer of tissue to 30 C (Fig. 3) . After reaching a maximum at 8 h of incubation at 10 C, transferase activity is maintained at a constant level approximately 5-fold higher than that of nonincubated roots or of roots incubated at 30 C. If roots are transferred from 10 to 30 C after 12 h, transferase activity rapidly declines over the 12 h at 30 C to the initial level (Fig. 3) . The reciprocal temperature transfer, from 30 to 10 C, does not result in a stimulation of transferase activity (Fig. 3) . Although there is no simple interpretation of this data, we might speculate that incubation at 10 C permits the accumulation of polysaccharide transferase and the metabolism of polysaccharide slime but not the secretion of materials from root tissue, whereas incubation at 30 C allows for the rapid synthesis and secretion of material by the root. As a result of the rapid metabolism of polysaccharide slime, excised roots may become depleted of fucosyl transferase or the acceptor polysaccharide, thus when roots are transferred from 30 to 10 C, an increase in transferase activity cannot be exhibited.
An effect of cold on the secretion of polysaccharide slime from corn roots has been described by Morre et aL (9) and Mollenhauer et al. (7) . Both groups showed that incubation of roots of 2-dayPlant Physiol. Vol. 65, 1980 old seedlings at 25 C increased polysaccharide slime droplet size (and presumably the amount of polysaccharide slime) while incubation at 4 C decreased droplet size. We have confirmed these observations on the effect of temperature on slime secretion by measuring the amount of methyl hexose (fucose) appearing in the incubation medium of excised roots with time (Fig. 4) . It is evident that there is a 3-fold increase in methyl hexose release when temperature is raised from 10 to 30 C.
In addition to estimating slime secretion at different temperatures, Mollenhauer et al. (7) studied changes in the fine structure of slime secreting root cap cells. They showed that at 4 C there was an increase in the amount of ER, and in the number of fixed associations between ER and Golgi elements. It is significant that the number of Golgi-derived secretory vesicles did not change with cold incubation (7) .
Although these observations allow the conclusion that the secretion of polysaccharide slime can be distinguished from its metabolism by manipulating the temperature to which roots are exposed, we do not know whether the observed increase in fucosyl transferase activity is a direct result of enhanced enzyme synthesis or reduced enzyme catabolism or an indirect effect of cold on the availability ofacceptor polysaccharide. Our Table. When equal amounts of enzyme prepared from roots incubated at 10 and 30 C are mixed, an activity which is more than additive is obtained. Although other interpretations of this experiment are possible, it would be reasonable to suppose that the stimulatory effect of mixing the 10 and 30 C homogenates is a result of the increased availability of acceptor in the 10 C preparation.
The correlation between increased fucosyl transferase activity and the ER accumulation noted by Mollenhauer et al. (7) is of particular significance since we have shown (4) that in cold-treated corn roots, greater than 80% of the fucosyl transferase activity is associated with ER on sucrose density gradients.
The results presented above together with the observations of Mollenhauer et al. (7) and James and Jones (3, 4) support the conclusion that incubation of corn roots in the cold inhibits polysaccharide slime secretion while allowing for the accumulation of ER-associated fucosyl transferase activity and polysaccharide slime acceptor.
